f 



BEST AVAIUBLE COPY 



PCT 



WORLD I^^H.mTUALPROreRTY ORGANEA-nON 
International Pureao 




'I 



INTg^ATlONAL APPUCATION PUBUSHED UNDER TW. PATWr rv..o^ .^l^,, ^REA^ 

International i>at««# r»«*:c-_.:__ A . ^ ■ ~ ^ _~ 



(51) International Patenl Classification 6 ; 
GOIN 27/327 



Al 



(21) Intmialional Application Number: PCr/US96ri 1240 

(22) IntematioaBi Filing Date: 28 June 1996 (28.06i>6) 



(11) International Publication Number: WO 97n24S7 

(43) International Publication Date: 23 January J997 (23.0i;97) 



(30) Priority Data: 
08/496^39 



30 June 1995(30.06.95) 



US 



(71) Appliwnt: BOEHRINGER MANNHEIM CORPORAHON 

OJS)."'^^"'^' ^""^ Indianapolis, 

(72) Inyentors: PRTTCHARD. G., John; 59 Wfldiosc Drive, A^ 
dovcr, MA 01810 (USX BATBSON. Joseph. £4-14817 
Senator Way, Canncl. IN 46032 (US), HILL. Brian. S • 
J^^nt C; 4710 San Fernando Drive, Indianapolis. IN 
46268 (US). HEALD. Brian. A^ 10337 Scagrave Drive. 
Fisbcis. IN 46038 (US). HUBBARD. Scott, E.; 1261 W 
Funy Road. Fountainlown, IN 46130 (US). 

(74) Ag^ts: YOUNC D, Michael et al.; Boehrinecr Mannheim 



(81) Desipaaled States: AL. AM. AT. AU. AZ. BB. BG BR BY 
CA, CH. CN. CZ. DE. DK. EE, K/H. GB ^ ™ K 
JP. KE. KG, KP. KR. K2, uTlR. Ls LT LU L^^llin' 
MG. MK, MN. MW. MX. NO. hE. Pi; S k6 RU ^' 
SE. SG^ SK, TI. ™. TR, TT. UA. UG^^ 

JML, FT. SE). OAPI patent (BP. BJ. CP CG a rw r a 
GN. MU MR. NE, SN, TO, TG). ' ^ 

Published 

Wi'A international search report 

Before the ejp^ation cf the 6me Tmut for amending the 
herepuhlishe^ ln the e.ent of .he rj^ of\ 



(54)TiUe.- ELECmoCHEMICAL BIOSENSOR TEST STRIP 




16 



13 



15 



21 

A 




I 

I 



(57)Ahstrscr 

ttal foniB a reagent well n,e culoni portion «i>«a a s^ta^, „??^ "^""'^^ ^'"'"'^ '"dudes a cutout jirtion (8) 

well and am«d to the second insulating substratTrs a sp^g S O^t^t^^S w.f "T" ^"'"y^^ '^="8™' 
rf.4 mntoetos b, 4.2 milliraetos. sinall mesh of 6 ™il)imeL ^5 8 mmL^^T!^ ' ''^»='^'- T^-^ =™all cutout portion 

dO-mg. allow the test strip to analy^ a whok blood sampterf^t 9 iJi^S °^ ^ ™"°'i'e«^fore 



BEST AV>^ 



FOR THE PVJtPOSES OF INFORMATION ONLY 

Codes used to idfaitify States party to the PCT <hi the ftonl pages of paniphJcts publishing intcmational 
applications under the PCT* 



AM 


Anneaia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Anstna 


G£ 


Geot^ 


MX 




AU 


Avstralb 


GN 


- Gsum 


■ NE 


Higcr 


BB 


Barbados 


GR 


Gitece 


NL 


. NedtafaDds 


BE 


BdpDID 


HO 


Hvogay 


NO 


Nofwaijr 


BF 


Burliia Faso 


IE 


Ireland 


NZ 


New Zealand • '~ 


BG 


Btitgana 


rr 


ftsif 


PL 


Pobod . 


BJ 


Benin 


JP 


Japao 


FT 




BR 


Bnza 


K£ 


Ktnja 


RO. 


Romanb 


BY 


Befana 


KG 


K^rijystaa 


RU 


Rus^ao Fcdcfatioii 


CA 


Cina<fa 


KP 


Deniooratic People's RepoUk: 


SD 


Sodas ■ 


CF 


Cesbal AbkatD Repoblic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


RepoblSc of Kotci 


SG 


Sisgapotc 


CH 


Swttztrhnd 


KZ 


Kazakhstan 


SI 


Slovejua * 


a 


Cete (Tlvcme 


u 


LiediteDSleiB 


SK 


. Slovakia 


CM 


CantciDoo 


LK 


Sri Lanka 


5N 


Sescsal 


CN 




LR 


Libera 


SZ 


Swaziland 


cs 


Czechoslovakia 


LT 


Litboania* 


TD 


Chad 


C2 


Czech Rq^Hc 


LU 


Lmeroboms 


TG 


Ti^ 


DE 




LV 


Latvia * 


TJ 


TajtkistaD 


DK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


££ 


Estonia 


. MD 


Repubfic cf Moldova 


UA 


Ukiaii^ 


ts 


Spain 


MG 


Mfdagascar 


UG 


Uganda 


Fl 


Fmland 


ML 


Mali 


US 


United Stales cS America 


FR 


France 


MN 


_ Mongolia 


uz 


Uzbekistan 


CA 


Gajboo 


MR 


Mauritania 


VN 


VidNam 



f 



WO97;024S7 

PCT/US5^/n240 

El^CTROCHEMICAL BIOSENSOR TEST SllUP 
. Q^^SfcRsfeKQg ^ Related Ap ptjj^aiiQQ^ 

Field of ThPfTivfntmn 

10 

detennination. . 

fladcgiQund nf T],^ WBtiop 

B« arcot new. Their use in the detennina.ion of conce„tn.tions of 
various analytes in fluids is also known. 

- published Dece^be^ 

-perouKtric biosensor sys.en. in which a fh.id containing glucose is contacted with 
glucose oxidase and potasshnnfemlcyanide. The glncose is oxidized and the 
femcyanide isreduced to ferrocyanide. CThis reaction is catalyzed by gtacose 

bythere-oxidafonoftheferrocyanidetoferricyanideisobtained. THecurrent 

value. Obtained a few seconds after the potential is applied, correlates to the 
concentration Of glucose in the fluid. 

mc„„,ac„ifta„.,H„gekc«.fc.,™^,to™d.a.d,„ra„«ete,ro* ' 
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The total surface area of the counter and reference electrodes is twice that of the 
workiBg electrode. 

Wogomau, EP 0 206 218, published Dec. 30, 1986 discloses a biosensor 
5 having two elecuodes, the electrodes being made of different electrically condtacting 
materials: For example, the anode is formed from an anode material, such as 
platinum, and the cathode is formed from a cathode material, such as silver. The 
anode is coated with an enzyme. In a preferred embodiment, the coated electrode is 
covered with an elastomer that is permeable to glucose. 

10 . ' 

Pottgen et al., WO 89/08713, published Sept. 21 . 1989, discloses the use of a 

two electrode biosensor, wherein the electrodes are made of the same noble metal, 

but one of the electrodes (referred to as a pseudoreference electrode) is larger than 

the other (working) electrode. 

15 

Recently, PoUmann et al., U.S. Patent No. 5,288,636. issued Feb. 22, 1994, 
disclosed an electrochemical biosensor test strip that inchides working and coimter 
electrodes of substantially the same size and made of the same electrically conducting 
materials. The Pollmann et al. test strip includes a reagent well that will 

2 0 accommodate a testing sample of human whole blood from about 10 to about 70 
microliters. However, below about 13 microliters, errors in the measurement of an 
analyte, such as ghicose, from a whole bloCd sample may result Oqw dosing errors). 
Generally, the low dosing error is manifested as an understated measurement of the 
analyte, or no measurement of the analyte by the meter used in conjunction with the 

25 test strip. Low dosmg errors are a particular concern for infants and elderly persons 
who often have difficulty in expressmg a reasonably sized blood drop for testing 
upon pricking their finger with a lancet. 

Accordingly, it is highly desirable to design a test strip that requires a 
30 minimum volume of blood for the testing of an analyte, such as blood glucose. 

SiiTmnarv of thp Invention 
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Tbt invention is an electrochemical biosensor test strip that has a lower 
mmHnum.volume blood sample requirement than prior art strips of similar 
construcu-on. The present inventive .est strip has a sm^ler reagent Well and smaller 
spreading mesh than similar prior art strips. R^rther. the reagent well is positioned 
5 differently than in similar prior art test strips. The minimum blood vohime sample 
requirement for the new strip is about 9 microlitere. 

smaller sample vohime requirement means fewer low sample vohtme 
dosmg errors result when measuring an analyte. such as glucose, from a whole blood 

10 sample. n.is result is.especiaUy imponant for those persons, such as infants and the 

elderly, who have difficulty expressing a reasonably sized drop of blood by pricking 

then finger with a lancet. Also, wiih the present inventive strip it is easier for the 

meter, which collects current measurements ^ correlates those measurements to a 

concentration of analyte from a sample, to discriminate low sample volume dosing 

15 errors. Further, the smaller rtagent well requires less reagent per biosensor 
thereby increasing the production volume for . mass production of biosensor test 
strips. 

Additionally, when the spreading mesh is affixed to the test strip by an 
20 adhesive tape, the tape includes a hole that exposes the reagent well and spreading 
mesh, and fiirther includes air vents on opposing sides of the hole. TTiese air vents 

reduce the occurrence of air bubbles trapped in the reagent well when a sample is 
bemg tested. Air bubbles can produce testing errors. 

25 Brief nesq iptinn of Drawino j} 

HG. 1 is an exploded view of the present inventive biosensor test strip. 

HG 2 is a top view of the biosensor test strip without the reagent soreadinP 
30 mesh, and adhesive tape with air vents. ■ ^ ^"gem. spreadmg 

HG. 3 is a top view of fte fiilly constracted, preferred biosensor test strip. 
HG. 4 is a cross-sectional view of the biosensor of FIG. 3 along lines 21-21 . 
FIG. 5 Illustrates hypothetical calibration curves for different lots of 



35 



3 



wo 97/02487 ?CT/DS9«m24P 

biosensor test Strips. 

PfHCTi ptioTi of the Preferre d Kmhodiment 

5 The present inventive biosensor test strip is similar to the preferred 

embodiment of the test strip described in Polbnann et al., U.S. Patent No. 5,288,636. 
issued Feb. 22, 1994, the disclosure of which is hereby incorporated by reference. 
However, the Pollinann et al. strip has a construption such that too many low dosing 
errors result when whole blood samples below about 13 microliters are tested for 
10 blood glucose. 

In the present inventive test strip, reagent well 2 (Fig. 4) has been reduced in 
size over the Polhnann et al. reagent well and repositioned so that a smaller surface 
area of the counter electrode 1 than the working electrode 4 is exposed by cutout 
15 portion S. which forms reagent well 2. (Figs. 14) Mesh 12, which is a spreading 
mesh, is also reduced in size over the Polhnann et al. mesh. (Figs. 1, 3. 4) These 

' ■ ■ ■ . 

changes in strip architecture result in a test strip that can accurately measure an 
analyte, such as ghicose, from a minimum whole blood sample of about 9 
microliters. 

20 

Referring specifically to Figs. 1 through 4. there is shown the presently 
preferred embodiment of the inventive biosensor test strip. 

Test strip 1 comprises first and second electrically insulating layers 2 and 2, 
25 respectively. Any useful insulating material will be suitable. Typically, plastics, 
such as vinyl polymers and poly unides provide the electrical and structural propertie 
which are desired. Preferably, these layers are Melinex 329, 7 mil. 

The biosensor test strip shown in Figs. 1 through 4 is intended to be mass 
30 produced from rolls of material, necessitating the selection of a material which is 
sufficiently flexible for roll jprocessing and at the same time sufficiently stiff to give 
usefuL Stiffness to the finished biosensor test strip. 
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Layers 2 ami 2 may be of any Uselbl Sickness, ha preferred en^bodW 
layers 2 and 3 are about 7 mil thick. ' 

, ^^^''^S eleccr^xie^andcoun^ 
baco^g Of i^iaror ^teHa, 1, s^, as poly^lde. .o reduee the possibili^ of tearin, 
*e electrode before it is affixed to layer 2. Working electrode 4 and counter 
electrode 5 are substanUally the san. si^ and an. „,ade of the same electricaUy 

conducting n^terial. Examples of electrically conducting materials that n.y be u.^ 
are palladia. p,atin™„, ^^^^^^ ^ ^ ^^^^ ^^^^ ^ 

10 are preferred b«.use they provide a .ore constant, reproducible electrode surf^^^ 
area Palladium is particularly preferred because i, is one 

n^etalstooxidize^ndbecauseitisarelativelyinexpensivenoble^etal. Silverisnot 
^^-^J^-i' --re readily oxidi^^^ 

above. Prefenbly. electrodes 4 and 5 are about 0.1 .icron thick and bacld^g 7 is 
15 about 25 microns thick (conunercially available from Courtaulds Performance ;ihns 

m Califorma and SouthwalJ Technologies. Inc.). 

Electrodes 4 and 5 must be sufficiently separated so that the electrochemical 

events at one electrode do not interfere with .he electrochemical events at fl.e oth^^^ 

20 electrode. Theprefeixed distance between electrodes 4 and 5 is about 1.2 

millimeters. 

In the preferred embodhnent, electrodes 4 and 5. affixed to backing 7 are 

unspooled from reels and attached to layer 2 by the use of hot melt adhesive~;™,t 
25 shown). Electrodes 4 and 5 also preferably extend from one end of layer 2 to the 

Other end in parallel configuration. 

Insulating layer 3 is fixed on top of layer 2 and electrodes 4 and 5 by the use 
of hot melt adhesive (not shown). Layer 2 includes cutout portion 5. which defines " 
30 reagent well 2. Both the size and the position of cutout portion a are critical to the 
mventton. Cutout portion S must be sufficiently small and must be sufficiently " 
positioned such that in combination with the spreading mesh, described below a 
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minimum whole blood sample volume of about 9 microliters may be accurately 
analyzed by the test strip. T>e preferred size of cutout portion S is 4 millimeters by 
4.2 millimeters. 

5 In the preferred embodiment, the 4 mm side of cutout portion S runs parallel 

to the long side of the test strip shown in Figs. 1-4. Importantly, putout portion S is 
positioned over electrodes 4 and 5 such tMt a smaller surface area of counter 
electrode i than working electrode 4 is exposed. Preferably, the exposed surface 
area of working electrode 4 is twice as large as the exposed surface area of counter 
10 electrode 5. Surprisingly, offsetting cutout portion 3 to expose a smaller surface area 
for the counter electrode than the working electrode does not adversely affect 
measurement of an analyte from a sample being measured. In this prefened 
embodiment, electrodes 4 and 5 are 1 .5 mm in width. 

15 Biosensor test strip 1 may be accompanied by a power source (not shown) in a 

electrical connection with the working and counter electrodes and a current 
measuring meter (not shown) which is also in a electrical connection with the 
working and counter electrodes. 

20 Biosensor reagent H (Fig. 4) is placed in well 2 so that it covers substantially 

all of exposed surfaces IQ and 2Q of working electrode 4 and counter 5, respectively. 
(Figs. 24) An example of a reagent that may be used in the biosensor test strip of 
the present-invention is a reagent for measuring glucose from a whole blood sample. 

25 A protocol for making a glucose reagent utilizing the enzyme glucose oxidase 

and ferricyanide as the oxidized form of the redox mediator is as follows: 

Step 1- Prepare 1 liter (in a volumetric flask) of a buffer/NATROSOL mixture by 
adding 1.2000 grams (g) NATROSOL-250 M to 0.740 M aqueous potassium 
30 phosphate buffer (including 80.062 g monobasic potassium phosphate and 26.423 g 
dibasic4)otassium phosphate) at pH 6.25. Allow the NATROSOL to stir* and swell 
for 3 hours. 
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step 2- Prepare an AVIGEL mixture by stirring 14.0000 g AVICEL RC-591 F and 
504.7750 g vrater for 20 minutes. 

5 Step 3- Prepare a TRITON mixture by adding 0:5000 g TRITON X-100 to 
514.6000 g of the buffer/NATROSOL mixture and stir for 15 minutes. 

Step 4- While stirring, add the total TRITON mixture dropwise with an addition 

funnel or buret to the total AVICEL mixture. Once addition is complete, continue 
10 Stirring overnight. 

Step 5- To the mixture resuhing from Step 4, add. while stirring. 98.7750 g 
potassiumferricyanide. (Add a little potassium fenicyanide at a time to allow the 
potassium ferricyanide to dissolve as added.) 

15 

Step 6- Stir the resulting mixture of Step 5 for 20 minutes. 

Step 7- Adjust the pH of the mixture resulting from Step 6 to 6.25 by adding 
potassium hydroxide. 

20 

Step 8- To the resulting mixture of Step 7. add 9.1533 g glucose oxidase (218.50 
tetramethyl benzidine units per milligram (mg) from Biozyme) and stir at least 20 
minutes. 



25 Step 9- To the resulting mixture of Step 8. add 20 g potassium glutamate and stir 
at least 20 minutes. 



Step 10- Filter the resulting mixture of Step 9 through a 100 micron sieve bag to 
remove any AVICEL clumping. The filtrate is the resulting reagent composition 
30 (reagerilll). which is added to reagent well 9 and is then dried at about 50 C** for 
about 3 minutes. 



7 
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In the preferred embodiment for glucose determinatiDn, 4 microliieris of 
reagent made by the above-stated protocol is added to well 2 formed by cutout S. 
This amount of reagent JI will substantially cover surface areas IQ and 2Q of the 
5 electrodes 4 and i (Fig. 2) and will also contain a sufficient amount of ferricyanide, 
and a sufficient amount of enzyme (ghicose oxidase) to catalyze the oxidation of 
ghicose (from a sample of hunian whole blood) and the reduction of ferricyanide to 
completion, as defined herein, within about 20 seconds. (Prior to adding the reagent 
to well 9, it is preferable to treat well 9 with a 600 Watt corona arc, gapped at 
IQ 1/40,000 inch on a processing line travelling at 4 meters per minute, to make well 9 
more hydrophilic, thereby allowing the reagent to spread more evenly in the well.) 

Another glucose reagent that may be formulated includes 300 millimolar 
potassium ferricyanide, 250 millimolar potassium phosphate buffer, 14 grams 

15 microcrystalline cellulose (AVICEL RC-591 F) per liter of reagent, 0.6 grams 

hydroxyethylcelhilose (NATROSOL-250 M) per liter of reagent, 0.5 grams Triton X- 
100 surfactant per liter of reagent, 37 millimolar sodium succinate, and 1 .57 million 
tetramethyl benzidine imits of glucose oxidase per liter of reagent. Sodium hydroxide 
(6 Normal solution) is used to titrate this reagent to a pH of 6,6. This reagent may 

20 ^ formulated by the same protocol described above, but amounts of components 
should be adjusted and components substituted (sodium succinate for potassium 
glutamate and sodium hydroxide for potassium hydroxide) to achieve the component 
concentrations stated above. Drying of this reagent in reagent well 2 Q^pically results 
in a loss of enzyme activity of about 30-35%, 

25 

After drying reagent H, a spreading mesh 12^ which has been impregnated 
with a surfactant, is placed over cutout portion S and is affixed to second electrical 
insulator 2. Speading mesh 13 is preferably a polyester monofilament mesh fi-om 
ZBF (Zurich Bolting Cloth Mfg. Co. Ltd., Ruschlikon, Switzerland). The spreading 
30 mesh is. preferably dipped in a sobtion of 0.8% (wl.:vol.)dioctylsodium 

sulfosuctinate (DONS) in a solution of 50:50 (vol.ivol.) methanoI:water, and then 
dried. Spreading mesh 13 must be small enough such that in combination with the 

8 
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size of cutout portion S and placeir.e.t of cutom portion S «.e bi^^^^ 
accurately measure analyte from a mininmm whole Hood sample of about 9 
microliters. TT^ preferable dimensions of spreading mesh 13 are 6 mm x 5 8 mm 
In the most preferred biosensor strip, the 6 mm side of the mesh is parallel to the 
5 long side of the strip shown in Figs. 1-4. 

Preferably, spreading mesh J2 is affixed to adhesive tape J4. which im:h,des 
holeli. (Figs. 1.3,4) Adhesive tape J4 is preferably made of polyester with an 
adhesive backing. (Available from Tapeinark. Medical Products Division 223 £■ 
10 Marie Ave:. St. Paul. Minnesota 55118) Adhesive tape M is preferably dyed 
maroon and hole 15 provides a target area for application of a sample to be analyzed 
by the biosensor. Hole 15 exposes at least a portion of spreading mesh 13 and cutout 
portion a, and preferably exposes substantially all of cutout portion S Tape H 
preferably mcludes slits ^ as shown in Figs. 1 and 3. located on opposing sides of 
15 hole 15. (Two slits 15 are shown in Figs. 1 and 3. but one slit may be sufficient ) 
Shts 15 constitute air vents, which reduce the occurrence of air bubbles trapped in 
the reagent well upon the addition of a sample such whole blood to the reagent well 
Reducing the occurrence of air bubbles trapped in reagent well 2 results in fewer 
testing errors. 



20 



After diying the reagent and affixing the spreading mesh, the roll-formed 
biosensors are separated by die punching to form discrete biosensors, which are used 
m conjunction with 1) a power source in electrical co™,ection with the working and 
counter electrodes ami capable of supplying an electrical potential difference between 
25 die working and counter electrodes sufficient to cause difftision limited 

electrooxidation of the reduced fonn of the redox mediator at , he surface of the 

working electrode, and 2) a meter in electrical connection with the working and 
counter electrodes and capable of measuring the diffusion limited current produced by 
oxidation of the reduced form of the redox mediator when the above-stated electrical 
JO potential difference is applied. 
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The meter described above wUI normally be adapted to apply an algorithm 
(discussed below) to the current measurement, whereby an analyte concentration is 
provided and visually displayed. Improvements in such power source, meter, and 
biosensor system are the subject of commonly assigned U.S. Patent Number 
5 4,963,814, issued October 16. 1990; U.S. Patent No. 4,999,632, issued March 12. 
1991; U.S. Patent No.. 4,999,582. issued March 12. 1991; U.S. Patent No. 
5.243.516. issued September 7, 1993; U.S. Patent No. 5,352.351, issued Oct. 4. 
1994; U.S. Patent No. 5.366.609, issued Nov. 22. 1994; White et al., U.S. Patent 
Application Serial No. 08/073,179, filed 6/8/93 (Issue Fee maDed 12/27/94); and 
xo White et al., U.S. Patent Application Serial No. 08/343.363, filed 11/22/94 (Issue 
Fee mailed 5/5/95), the disclosures of which are hereby incorporated by reference. 

For easy electrical connection of the power source and meter, additional 
cutout portion 12 (Figs. 1 toough 4). exposing portions of the working and counter 
15 electrodes, are preferably provided in the biosensor device. 

The biosensor device described above may be used to delermihe the 
concentration of an analyte in a fluid sample by performing the following steps: 

20 s) contacting a fluid sample, such as whole blood, with a reagent 

(described above) that substantially covers surface areas 10 and 2Q of working 
and counter electrodes 4 and 5, respectively; 

b) allowing the reaction between the analyte and the oxidized form of the 
25 redox mediator to go to completion, as defined herein; 

c) subsequently applying a potential difference between the electrodes 
sufficient to cause diffusion limited electrooxidalion of the reduced form of 
the redox mediator at the surface of the working electrode; 

30 

d) thereafter measuring the resulting difiiision limited current; and 

10 
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e) corTelating the cunent measurement to the concentration of anaJyte in 

the fluid: (Reaction completion is deftied as sufficient reaction between t^^ 
analyte and the oxidized form of the redox mediator to correlate analyte 

concentration to diflusion limited current generated by oxidation of the 
5 of the redox mediator at the surface of the working electrode ) 



Many analyte-containing fluids may be analyzed. For example, analytes in 

human body fluids such as whole blood, blood serum, urine and cerebrospinal fluid 
may be measured, Also, analytes found in fermentation products and in 

10 environmental substances, which potentially contain environmental contaminants, 
may be measured. 

When measuring analytes found in human body fluids, especially whole 
blood, the potential difference applied between the electrodes is preferably no more 
15 than about 500 millivolts. When a potential difference above about 500 millivolts is 

applied between the electrodes, oxidation of the working electrode .surfece (for 
palladium) and of some blood components may become intolerable, thereby 

preventing an accurate and precise correlation of current to analyte concentration. 

For an assay of glucose in a whole blood sample, wherein the oxidized form of the 

20 redox mediator is ferricyanide, a potential difference from about 150 millivolts to 

about 500 millivolts may be applied between the electrodes to achieve diffiision 

limited electrooxidation of the reduced form of the redox mediator at the surface of 

the working electrode. Preferably, about 300 millivolts potential difference is applied 
between the electrodes. 

25 

Current generated from the oxidation of the reduced form of the redox 
mediator may be measured at any time from about 0.5 seconds to about 30 seconds " 
after.the potential difference is applied between the electrodes. At less than about 0.5 
seconds, diffiision limited current is difficult to measure due to the charging current^ 
30 After ^bout 30 seconds, convection becomes significant, thereby interfering with the 
ineasurement of a diffiBion limited current. 



11 



WO97/024S7 PCr/DS96/11240 

The current measured during the assay of an analyle from a fluid sample may 
be correiated to concentration of the analyte in the sample by application of an 
algorithm by the current measuring meter. The algorithm may be a simple one, as 
illustrated by the following example: 

5 

[Analyte] = Ci 7.5 + d 

wherein [Analyle] represents the concentration of the analyte in the sample (see Fig. 
5), i 7 5 is the cunent (in microamps) measured at 7.5 seconds after application of 
10 the potential difference applied between the electrodes, C is the slope of line 22 (Fig. 
5). and d is the axis intercept (Fig. 5). 

By making measurements with known concentrations of analyte, calibration 
curve 22 (Fig. 5) may be constructed. This calibration will be stored in the Read 
15 Only Memory (ROM) key of the meter and will be applicable to a particular lot of 
biosensor test strips. Lines 24 and 26 in Fig, 5 represent other hypothetical 
calibration curves for two other different lots of biosensor test strips. Calibration for 
these biosensor lots would generate slightly different values for C and d in the above 
algorithm. 

20 

In analysis of ghicose from a sample of human whole blood, 20 ^il of whole 
blood is preferably added to the above-stated glucose reagent. The reaction of 
ghicose and ferricyanide is allowed to go to completion, thereby forming gluconic 
acid and ferrocyanide. This reaction normally requires a short time, preferably less 

25 than about 20 seconds, to go to completion. About twenty seconds after addition of 
the whole blood sample, a potential difference of about 300 millivolts is applied 
between the electrodes, thereby oxidizing ferrocyanide to ferricyanide at the surface 
of the working electrode. Current measurements are made at 0.5 second intervals 
from 1 second to 7.5 seconds after the potential difference is applied between the 

30 electrodes. These cunent measurements are correlated to the concentration of 
glucose in the bipod sarnple. ' 
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In this example of measuring ghicose from a blood sample, current 
measurements are made at different times (from 1 second to 7.5 seconds after 
application of the potential difference), rather than at a single fixed time (as described 
5 above), and the resulting algorithm is more complex and may be represented by the 
following equation: 

[Glucose] = Ci ii + C2 i2 + C3 + ..;C„ i„ + d. wherein ij is the 
current measured at the first nKasurement time (1 second after application of the 30O 
10. millivolt potential difference). i2 is the current measured at the second measurement 
time (1:5 seconds after application of the 300 millivolt pbtential difference), ij is the 
cunent measured at the third measurement time (2 seconds after application of the 
300 millivolt potential difference), in is the current measured at the n* measurement 
time (in this example, at the 14* measurement time or 7.5 seconds after application 

15 ofthe 300 millivolt potential difference). C1.C2.C3. and C„ are coefficients deri^^^ 
from a multivariate regression analysis technique, such as Principle Components 
Analysis or Partial Least Squares, and d is the regression intercept (in glucose 
concentration units). (A modification of this procedure may be used in the event that 
calibration curves illustrated by Fig. 5 have considerable curvamre.) 

20 . 

AlternaUvely , the concentration of glucose in the sample being measured may 
be determined by integrating the curve generated by plotting current, i, versus 
measurement time over some time interval (for example, from 1 second to 7.5 
seconds after application of the 300 millivolt potemial difference), thereby obtaining 
25 the total charge transferred during the measuremem period. The total charge 
transferred is directly proportional to the concentration of glucose in the sample 

being measured. 

'>-' -. 

Further, the glucose concentration measurement may be corrected for 
30 differences between environmental temperanire at the time of actual measurement 
and the environmental temperature at the time calibration was performed. For 
example, if the calibration curve for glucose measurement was constructed at an 

13 
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environmental temperature of 23 ^C, the glucose measurement is corrected by using 
the following equation: 

[GlucoseJcorrected = [Glucose] measured ^ (1-K(T-23°C)), wherein T is the 
5 environmental temperanire (in °C) at the time of the sample measurement and K is a 
constant derived from the following regression equation: 

Y = K(T-23), 

10 wherein Y = [Glucose] measured at 23**C " [Glucose]jneasured at T^C 

- [Ghjcose]^^^^^^ 

at T^C 

In order to calculate the value of K, each of a multiplicity of glucose concentrations 
15 is measured by the meter at various temperatures, T, and at 23^C (the base case). 
Next, a linear regression of Y on T-23 is performed. The vahie of K is the slope of 
this regression. 

The glucose concentration of a sample may be accurately and precisely 
20 measured by the present inventive method utilizing the present inventive biosensor. 
Further, when a sample of human whole blood is measured, error due to hematocrit 
effect is insignificant in the range of 30-55 % hematocrit. 

Other examples of enzymes and redox mediators (oxidized form) that may be used in 
25 measuring particular analytes by the present invention are listed below in Table 1 . 



TABLE 1 



ANAJLYTE 


ENZYMES 


REDOX MEDIATOR 
(OXIDI^FORM) 


ADDmpNAL MEDIATOR 


GLUCOSE 


GLUCOSE DEHYDROGENASE 
AND DIAPHORASE 


FERRICYANIDE 




GLUCOSE 


GLUCOSE-DEHYDROGENASE 
(QUINOPROraN) 


FERRICYANIDE 




CHOLESTEROL 

4 


CHOLESTEROL ESTERASE 
AND CHOLESTEROL OXIDASE 


FERRICYANIDE 


2.6-D1METHYL-1.4- 

BEN20QUIN0NE 

2>DICHL0RaL4- 

BENZOQUmONE 

OR PHENAZINE 

ETHOSULFATE 



14 
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HDL 
CHOLESTEROL 



CHOLESTEROL ESTERASE 
AND CHOLESTEROL OXIDASE 



FERRICYANIDE 



LIPOPROTEIN LIPASE. 

GLYCEROL KINASE. AND 

GLYCEROL-3-PHOSPHATE 
OXIDASE 



LACTATE 



LACTATE OXIDASE 

LACTATE DEHYDROGENASE 
AND DIAPHORASE 



LACTATE 
DEHYDROGENASE 



DIAPHORASE 



FERRICYANIDE OR 

PHENAZINE 

ETHOSULFATE 

Terricyanide 

hERRJCYANlDEr 
PHENAZINE 

ETHOSULFATE. OH 

PHENAZINE 

METHOSULFATE 



2.6-DIMETHYL-I.4- 
BENZpQUlNONE 
2>D1CHL0R6.1,4- 
BEN20QUIN0NE 
OR PHENAZINE 
jETHOSULFATE 



PHENAZINE 
METHOSULFATE 



2.6-DICHLORai.4- 
BENZOQUINONE 



PYRWATE 
ALCOHOL 

BILIRUBIN 



URIC ACID 



PYRUVATE OXU)ASE 
ALCOHOL OXIDASE 

BILIRUBIN OXIDASE 



URICASE 



FERRICYANIDE. 
PHENAZINE . 
ETHOSULFATE. OR 
PHENAZINE 
METHOSULFATE 
fERRlCYANUJE 
PHLNyLENEDIAMINE" 



l-METHOXY- 
PHENAZINE 
METHOSULFATE 
l-ERRICYANIDE 



In some of the examples shown in Table 1. at least one additional enzyme is 
used as a reaction catalyst. Also, some of the examples shown in Table 1 may utilize 
an additional mediator, which facilitates electron transfer to the oxidized form of the 

5 redox mediator, "n^^dditional mediator may be provided to the reagent in lesser 
amount than the oxidized form of the redox mediator. 

. When compared to the preferred embodimem of the closest prior art biosensor 
test strip, disclosed in Polhnann et al. , the present inventive biosensor has the 

10 following distinguishing features: 

I . reagent well 9 is 30% smaller; 



2. 



when the working and counter electrodes are substantially the 



same 



15 size, the exposed surface area of the counter electrode in the reagem well is less than 
the exposed surface area of the working electrode in the reagent well; 

^3. a smaller amount of reagent is needed in the reagent well (4 microliters 
of realem vs, 6 microliters of reagent.in the preferred embodiment of Pollmami et 

20 al.); 
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4. a smaller spreading mesh is needed; and 
.5. air vents are included on opposing sides of the reagent well. 

5 

A smaller sample volume requirement to properly dose the test strip means 
fewer underdosing errors will result. This result is especially important for those 
persons, such as infants and the elderly who have difficulty in obtaining a reasonably 
sized blood drop after pricking their fmger with a lancet. The present inventive strip 
i 0 makes it easier for a cunent measuring meter to discriminate low sample voliune 
dosing errors. Also, using less reagent per sensor increases production vohmie for 
mass producing sensors. Further, providing side air vents near the reagent well 
reduces the occurrence of air bubbles trapped in the reagent well^ which results in 
fewer testing errors. 

15 

The present invention has been disclosed in the above teachings and drawings 
with sufficient clarity and conciseness to enable one skilled in the art to make and use 
the invention, to know the best mode for carrying out the invention, and to 
distinguish it from other inventions and what is old. Many inventions and obvious 
20 adaptations of the invention will readily coine to mind, and these are mtended to be 
contained within the scope of the invention as claimed herein. 



10 
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What is clajiT^^^ j^; 



L A device for detecting or measuring the concentration of an analyte, 
comprising: 

I . ■ . .... . 

5 . . . ■ ■ 

a first electricaJ insulator; 

t * 

a pair of electrodes consisting of working and counter electrodes of 
substantially the same size, the electrode., being made of the same electrically 
conducting materials and being supported on the first electrical insulator; 

a second electrical insulator, overlaying .he first electrical insulator and the 
electrodes and including a cutout portion that exposes a smaller surface area 
of the counter electrode than the working electrode; 

a reagent for detecting or measuring the concentration of the analyte. the 
reagent substantially covering the exposed electrode surfaces in the cutout 
portion; and 

a spreading mesh, impregnated with a surfactant, overlaying the cutout 
portion and affixed to the second electrical insulator. 



15 



20 



wherein the cutout portion and spreading mesh are of sufficient size and the 
reagent, is in sufficient amoum to receive a minimum whole bipod sample of 
25 about 9 microliters for analyzing the analyte. 



2. The device of claim 1 , wherein the spreading mesh is affixed to the second 
substrate by tape having an adhesive on one side and a hole that exposes at 
least a portion of the spreading mesh and the cutout portion, and wherein the 
i tape also mchides at least one slit near the hole, thereby providing at least 



30 



one 
air vent. 
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3. Tbe device of claim 1, fiirther comprising a currem measuring meter in 
electrical connection with the working and comiter electrodes. 

4. The device of claim 2, wherein the tape iiichides slits on opposing sides of the 
5 hole, thereby providing two air vents. 

5. The device of claim 2, wherein the cutout portion is 4 millimeters by 4.2 
millimeters. 



10 6. The device of claim 5, wherem the spreading- mesh is 6 millimeters by 5.8 
millimeters. 



15 



7. The device of claim 6, wherein the amount of reagent is 4 microliters before 
drying. 

8. The device of claim 7, wherein the spreading mesh is impregnated with 
dioctylsodium sulfosuccinate. 



9. The device of claim 8, wherein the hole in the tape exposes substantially all of 
20 the cutout portion. 

10. The device of claim 9. further comprising a current measuring meter in 
electrical connection with the working and counter electrodes. 
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Fig. 5 
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